Summary.-The characteristics of 7 human melanoma cell lines were compared with those of the xenografts from which they were established. The ultrastructure, melanin content, isozyme pattern and chromosome numbers of the cell lines were closely similar to those of the corresponding xenografts. The different cell lines gave rise to colonies in soft agar of size and morphology similar to the parent xenografts, and the plating efficiencies were clearly correlated. However, no correlation was found between the growth rates in vivo and either the doubling times and saturation densities in monolayer cultures or the plating efficiencies in soft agar. Moreover, one of the cell lines lost its tumorigenic ability upon establishment in culture. Thus, although the properties of the cell lines by and large reflected those of the parent xenografts, important inconsistencies were seen. The data emphasize that extrapolations from continuous cell lines in vitro to tumour cells in vivo are not necessarily valid.
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A high content of cellular fibronectin was correlated with a compact colony morphology in soft agar and rapid attachment and spreading on plastic. The growth rates and cellular morphology of the cell lines were strongly influenced by TPA, DMSO, retinoic acid and theophylline, but not by a-melanocyte-stimulating hormone.
A murine cell line established from one of the xenografts grew in soft agar and produced sarcomas in mice. The malignant murine cells had arisen by transformation of murine stromal cells during the first subcultures in vitro, possibly caused by a factor produced by the human melanoma cells.
Human tumour cell lines growing continuously in tissue culture have been widely used as models in studies of various aspects of tumour biology and chemo-and radiotherapy (Eagle & Foley, 1956; Pettersen et al., 1974; Fogh, 1975; Drewinko et al., 1976) . Such cell lines possess several advantages from an experimental point of view; the cells can be grown in large quantities, and can be stored and studied repeatedly under defined experimental conditions. However, continuous cell lines also possess obvious limitations as models of tumours in situ. Factors which may influence the biological behaviour of a malignant tumour in a patient, such as the immunological response, the vascular-53 ization of the tumour and the presence of stromal cells cannot be studied in cells cultivated in vitro. Moreover, the possibility must be considered that during the establishment of the permanent cell lines changes may occur in their biological properties. Few detailed comparisons have been made between such cell lines and their tumours of origin, and it is not clear whether the cell lines indeed reflect the characteristics of the malignant cell populations in vivo.
Whether or not continuous cell lines reflect the properties of the tumour cells in situ is difficult to study using patients' tumours directly. We have therefore used human tumours serially transplanted in athymic (nude) mice. We have established continuous cell lines from the xenografts and studied to what extent they reflect the properties of the parent tumours. We have compared the morphology, chromosome constitution, isozyme patterns, growth rates and colony formation in soft agar of the cell lines with the same parameters in the xenografts.
MATERIALS AND METHODS
Xenografting in athymic mice.-The origin of the xenografts and the procedure for heterotransplantation in athymic (nude) mice has previously been described (Fodstad et al., 1980) . Cells grown in monolayer cultures were harvested by scraping, and 5 x 106-107 cells were inoculated s.c. into athymic mice of BALB/c origin.
Histology, electron microscopy, chromosome and isozyme analyses.-The methods used are described in previous papers (Tveit et al., 1980a,b) .
In vitro cultivation.-Xenografts measuring 8-12 mm in diameter were minced and seeded into culture flasks as previously described (Tveit et al., 1980b) . RPMI 1640 medium with 25mM HEPES (Gibco Biocult, Glasgow) supplemented with 15% foetal calf serum (Gibco Biocult), 100 iu/ml penicillin and 100 ,tg/ml streptomycin, was routinely used.
In certain experiments, where the melanin content in cells was measured, Dulbecco's modified medium (Gibco Biocult) was used. Subculturing was carried out twice a week, using a 0.05% trypsin/0 02% EDTA solution.
The cell lines were tested for mycoplasma as described below, and were all negative.
Growth curves of cultured cells were obtained by seeding 2 x 105 cells into 25cm2 culture flasks and counting every second day. Medium was changed on Days 4, 6 and 8. Treatment of cells with 10-7M 12-0-tetradecanoyl phorbol-13-acetate (TPA), 1.5% dimethyl sulphoxide (DMSO), 10-5M all-trans retinoic acid and 1mM theophylline was performed as previously described (Tveit et al., 1980b) . Treatment with o-melanocyte-stimulating hormone (a-MSH) was carried out by adding 2 x 10-7M ax-MSH (Sigma Chemical Co., St Louis, U.S.A.) to 25cm2 flasks with 2 x 105 cells. The cultured cells were re-fed with medium supplemented with x-MSH on Days 4, 6 and 8. The melanin content was measured by the method described by Whittaker (1963) . The rapidity of attachment and spreading on a plastic surface was examined after seeding out trypsinized cells into wells of culture plates immediately, after 4 h or 24 h incubation in medium with or without serum.
Cultivation of tumour cells in soft agar was performed as described by Courtenay & Mills (1978) . Single-cell suspensions, both from solid tumours growing in athymic mice and from cells growing in monolayer cultures, were prepared by trypsin/EDTA treatment. After washing in serum-containing medium, an appropriate number of cells was seeded out in soft agar cultures in triplicate. Colonies of more than 50 cells were scored after 2 weeks' incubation. In order to establish tumour cell lines free from normal cells the agar with colonies was pipetted vigorously and transferred to culture flasks. When cells and colonies had settled, serum-containing medium was added and further cultivation was performed in monolayer cultures.
Staining with Hoechst 33258.-This fluorescence staining technique was used both for identifying human and murine cells (Moser et al., 1975) and for mycoplasma screening. Cells grown on coverslips were fixed in methanol: glacial acetic acid = 3:1, treated with fluorochrome Hoechst 33258 (Calbiochem AG, Lucerne, Switzerland) at a concentration of 1 ,tg/ml for 2-3 min, washed in phosphate buffered saline (PBS), mounted in glycerol/ PBS and examined in a Zeiss fluorescence invertoscope.
Immunofluorescence.-Cells growing exponentially on coverslips were fixed in 3% paraformaldehyde and washed in PBS. For determination of intracellular fibronectin the cells were subsequently treated for 20 min with Nonidet P40 detergent according to Laurila et al. (1978) . The detergent treatment was omitted when surface-associated fibronectin was determined. The cells were washed x 5 and treated for 30 min with rabbit antihuman-fibronectin serum (a gift from Dr A. Vaheri, Helsinki, Finland) Corp., New Jersey, U.S.A.) and 0-2 mCi Na 1251 (The Radiochemical Centre, Amersham, Bucks) in 4 ml PBS for 20 min at room temperature. The dishes were washed once with 015M Nal in 10mM Na phosphate (pH 7.4) and in PBS x 3. One ml sample buffer (3% SDS and 1% 2-mercaptoethanol in 01M Tris-HCl, pH 6 8) was added to the Petri dish and the cells were scraped off.
Slab-gel electrophoresis used a 4.5% stacking gel (4.5% acrylamide and 0-1% SDS in Tris-HCl, pH 6.8) and a 7% separation gel (7% acrylamide and 0.1% SDS in Tris-HCl, pH 8 8). The gels were dried, and autoradiography was performed at -70°C using Kodak X-Omat Film.
RESULTS

Establishment of continuous cell lines
In this study we have established continuous cell lines from human melanoma xenografts by two different procedures: by cultivation directly in monolayers or from colonies in soft agar. Interestingly, the 4 xenografts showed differences in their behaviour.
When tumour fragments and dispersed cells were seeded out in monolayers, cultures from xenograft GE were usually overgrown by normal murine cells in the 2nd-4th subculture. However, in one instance, when the melanoma cells grew more rapidly than usual in the primary culture, the murine cells disappeared and a continuous melanoma cell line, GEM, developed. The notation for the xenografts and the derived cell lines is apparent from Table I . Xenograft EF immediately gave rise to the cell line EFM, which has been described previously (Tveit et al., 1980b) . This line grew rapidly right from the start, and no contamination with murine cells was seen. In contrast, primary cultures from xenograft EE were regularly over- grown by murine fibroblasts, and no cell line could be established. The behaviour of xenograft VN was particularly interesting. When fragments and single cells from this xenograft were grown in culture flasks, in most cases two cell populations were found growing together. The two populations were identified as human tumour cells and abnormal murine cells by chromosome and isozyme analyses, as well as by Hoechst staining. Both populations were usually present to about the 30th subculture. Thereafter, in 2 experiments a human cell line emerged, one of which, VNM, was further studied. Usually the abnormal murine cells took over and gave rise to continuous murine cell lines with a transformed phenotype. This cell line will be discussed below.
When colonies formed in soft agar were further grown in monolayers, the xenografts gave rise to cell lines (denoted by adding S to the name), which were permanent, except EEMS, which could not be subcultured for more than 6 months. Characterization of melanoma cell lines and comparison with the xenografts of origin Morphology and pigmentation.-Three of the melanoma xenografts were closely similar in histology, whereas in xenograft VN the cells contained less cytoplasm and had nuclei of a more uniform size (Fig. 1) . The derived melanoma cell lines all showed individual and characteristic cytological appearance and growth pattern (Fig. 2) (Tveit et al., 1980b) .
Chromnosome and isozyme studies. The melanoma xenografts showed dissimilar chromosome numbers (Table I) . Thus, xenograft GE was near-diploid, xenografts EF and EE were hyperdiploid and xenograft VN was hypotetraploid. The in vitro cell lines had chromosome numbers similar to the xenografts from which they were derived (Table I) Fig. 4 . It is seen that the cell line EFM showed the highest growth rate, and that in the two cases where two cell lines were obtained from the same xenograft these grew at essentially the same rate. In Table II the doubling times in culture of all cell lines are given, together with the tumour volume-doubling times (Td) previously observed in vivo during exponential growth (Fodstad et al., 1980 42 (42) 12 (10-14)
11 ( than EF. Interestingly, it was found that the amount of cellular fibronectin was inversely related to the growth rate in vivo. Treatment of the cell lines EFM, VNMS and GEMS with the differentiating agents TPA, DMSO, retinoic acid and theophylline always decreased the growth rates (Table III) , though individual differences in response were observed.
The plating efficiencies (PE) of the different xenografts and the derived cell lines differed widely (Table II) . The PE of the cell lines were clearly correlated with and consistently higher than the PE of the corresponding xenografts. In the cell lines the PE in soft agar was generally highest in the lines showing low doubling times, whereas in the xenografts there was no correlation between PE and doubling times.
Colony morphology.-The morphology of the colonies in soft agar was characteristic for each particular xenograft, and this morphology was maintained in the in vitro cell lines. Thus, the xenograft VN and the human cell lines established from it gave rise to colonies of very loosely attached cells (Fig. 3) , while the xenograft GE and the cell lines derived froml-it gave compact small colonies (Fig. 3) . Xenograft EF and the corresponding cell lines EFM and EFMS gave rise to coloniies of an intermediate morphology (Fig. 3) .
The results indicate that the cohesion between the cells differed in soft-agar colonies from different melanomas.
To study in more detail the adhesive properties of the cells, their attachment to plastic surface and their protein content were examined. The rate of attachment to and spreading on plastic surface were studied in 3 cell lines showing different colony morphology. The GEMS cell line, which had the most compact small colonies, attached and spread out as fast as normal human fibroblasts, whereas the EFM cells, and particularly the VNMS cells, which formed colonies of loosely attached cells, needed more time for both attachment and spreading. All 3 cell lines contained surface-associated and intracellular fibronectin, as revealed by immunofluorescence. The rapidly spreading cell line GEMS had about as much fibronectin as human fibroblasts, while EFM cells, and especially the slow-spreading VNMS cells, To study in more detail the relationship between the abnormnal murine cells and the malignant human cells originating from xenograft VN, we took advantage of the fact that diphtheria toxin in appropriate concentrations will kill human cells but is non-toxic to murine cells. A series of different subcultures were treated with 25 ng/ml of diphtheria toxin. No cell line could be established from the first subcultures, but continuous murine cell lines did emerge in the 4th and later subcultures. These murine cells showed the same malignant characteristics as the spontaneous murine cell lines. It thus appears that the transformation of the murine cells occurred during the early subcultures and that somehow the presence of the human cells was necessary for the transformation.
DISCUSSION
Continuous human cell lines have been established from a variety of malignancies, including primary and metastatic malignant melanomas (Romsdahl & Hsu, 1972; Gerner et al., 1975; G-iovanella et al., 1976) . It is difficult to tell whether these cell lines reflect the properties of the tumour cells in vivo by direct comparison with the patients' tumours. However, evidence is accumulating that human xenografts grown in immune-deprived animals largely reflect the properties of the parent tumours, though kinetic differences have been observed (Steel & Peckham, 1980) . Since such serially heterotransplanted tumours represent a bank of easily available tumour tissue and permit repeated studies of tumour cells from the same patient, they greatly facilitate comparisons between the properties of established in vitro cell lines and the tumour cells of origin.
The present results show that, as expected, the melanoma cell lines, like the xenografts from which they were derived, have distinct individual properties. The comparisons of the cell lines with the corresponding xenografts demonstrate that the properties of the cell lines largely reflect those of the tumours of origin. Thus, the ultrastructural picture and the melanin pigmentation were the same in vitro and in vivo, in agreement with the findings of Foa & Aubert (1977) . Also the isozyme patterns of the xenografts were retained in the cultured cell lines. The colonies formed in soft agar from the xenografts and from the derived cell lines were closely similar in respect of size and compactness. Likewise, the chromosome constitution was, by and large, retained on cultivation, though a slight downward drift in chromosome number was found during the establishment of some of the cell lines.
However, some of the in vivo characteristics were not retained. Importantly, the growth rates and the saturation densities of the cell lines in monolayer cultures, as well as the PE in soft agar, showed no correlation with the early growth rates of the melanomas in vivo. The reason for this discrepancy is not clear. One possibility is that the in vitro conditions influence the growth of tumour cells from different tumours to varying extents. Unexpectedly, one of the cell lines, VNMS, established via soft agar, did not form tumours when injected back into athymic mice. Apparently, the genetic information necessary for tumorigenicity had been lost or suppressed during the establishment in culture. It is noteworthy that in this cell line the chemosensitivity did not reflect that of the parent xenograft, in contrast to the situation with the other cell lines (Tveit et al., 1981) . The data emphasize that extrapolations from continuous cell lines in tissue culture to the parent tumour cells in vivo are not always valid.
It is a general view that fibronectin plays a central role in cell adhesion (Hynes, 1979; Kleinman et al., 1981) . The present finding that the amounts of fibronectin correlated with the compactness of the colonies formed in soft agar and the rapidity of attachment and spreading on a plastic surface, indicates that fibronectin may be responsible for the different degrees of compactness seen in softagar colonies. It has been speculated whether the amount of fibronectin on the surface of tumour cells correlates to any in vivo characteristics; e.g. stage of disease, growth rate or metastatic properties (Lloyd et al., 1979) . Our study shows that in the 3 tumour cell lines studied the amount of fibronectin indeed correlated with the growth rates in vivo, as the slowest growing xenograft (GE) gave rise to a cell line in vitro with high amounts of fibronectin, whilst the xenograft with the shortest doubling time (VN) gave rise to melanoma cells with least fibronectin.
A difficulty in establishing cell lines from human tumours is that most frequently stromal fibroblasts grow along with the malignant cell population and tend to overgrow the culture. To eliminate these normal cells several methods have been used, such as differential centrifugation, differential trypsinization, physical removal of colonies and the use of special culture media (Fogh, 1975 We have reported (Tveit et al., 1980a ) tha-t whnen a hurnan embryonal carcinoma xenograft was grown in tissue culture, a transformed murine cell line appeared. This abnormal heteroploid murine cell line grew in soft agar, but failed to form tumours in athymic mice. In contrast, the murine cell line which appeared in the present study upon cultivation of the melanoma xenograft VN, was clearly malignant as it gave sarcomas on injection into mice. Goldenberg and Pavia have reported that when human xenografts of 3 different histological types were grown in culture, malignant murine cells consistently emerged, capable of forming sarcomas when injected into nude mice (Pavia & Goldenberg, 1979; Goldenberg & Pavia, 1981) . On this basis they suggested that such transformation may be a general phenomenon when xenografts are cultured in vitro. Our results do not support this view, as only one of the 4 melanoma xenografts studied gave rise to transformed murine cells.
It is apparent from this work that the malignant transformation of murine cells took place during the first subcultures. It is unlikely that spontaneous transformation can account for the transformed murine cells here observed, since they were found in all experiments involving xenografts VN and never when other melanoma xenografts or skin fibroblasts from nude mice were grown in vitro. Furthermore, when the human cells were killed with diphtheria toxin, it was concluded that the presence of human cells during the first 4 subcultures was necessary for the establishment of the malignant murine cell lines. The data suggest that the malignant transformation of murine stromal cells is caused by a transforming factor produced by the human melanoma cells during the first weeks of in vitro cultivation. This was supported by the finding that medium from the permanent melanoma cell line VNM, established from the same xenograft, consistently stimulated the growth of nude mice fibroblasts in monolayer cultures, far more than did medium from control cells. Moreover, in two instances murine fibroblasts grown in this conditioned medium formed colonies in soft agar (PE 0.2%). However, further work is clearly needed to elucidate the mechanism of this transformation.
